Effects of low extracellular sodium on cytosolic ionized calcium. Na+-Ca2+ exchange as a major calcium influx pathway in kidney cells.
The effects of extracellular Na+ (Na+o) on cytosolic ionized calcium (Ca2+i) and on calcium and sodium fluxes were measured in monkey kidney cells (LLC-MK2). Ca2+i was measured with aequorin and the ion fluxes with 45Ca and 22Na. Na+-free media rapidly increased Ca2+i from 60 to a maximum of about 700 nM in 2-3 min. After the peak, Ca2+i declined and reached a plateau of about twice the resting Ca2+i. The peak Ca2+i was inversely proportional to Na+o and directly proportional to the extracellular calcium concentration (Ca2+o). On the other hand, a pH of 6.8 reduced and Ca2+o substitution with Sr2+ completely blocked the Ca2+i response to low Na+o. A Na+-free medium stimulated calcium efflux from the cells 4-5-fold, a response which was abolished in the absence of extracellular Ca2+. Na+-free media also stimulated calcium influx and sodium efflux. The cell calcium content, however, was not increased. These results indicate that removal of extracellular Na+ increases Ca2+i by stimulating calcium influx and not by inhibiting calcium efflux; the increased calcium influx takes place on the Na+-Ca2+ antiporter operating in the reverse mode in exchange for sodium efflux. The increased calcium efflux occurs as a consequence of the rise in Ca2+i and presumably takes place on the (Ca2+-Mg2+) ATPase-dependent calcium pump.